itive blunt trauma or vibrational forces to the ulnar aspect of the hand, causing injury to the ulnar artery and potentially leading to thrombosis and distal ischemia. 1 Signs and symptoms of hypoperfusion or ischemia to the ulnar digits may include pain, coolness, and pallor. 2 Neuropathy of the adjacent ulnar nerve may occur. 3 Conservative measures are appropriate for most cases and may include activity modification, smoking cessation, cold avoidance, and/or calcium channel blockers. 2, 4 Operative management is indicated when nonoperative management fails, or if critical ischemia is present. Reconstruction of the ulnar artery with venous and arterial interposition grafts has been described. [4] [5] [6] [7] [8] [9] Venous donor sites include the greater saphenous vein, dorsal venous arch of the foot, or flexor aspect of the arm but have high thrombosis rates. 6, 7, 9 Previously described arterial donor sites include the descending branch of the lateral femoral circumflex artery, the deep inferior epigastric artery, or the serratus branch of the thoracodorsal artery. 4, 8, 9 We present a case of acute HHS that resulted in a large, complex arterial defect in the hand after resection of thrombosed arterial segments. Successful treatment utilized an interposition graft from the subscapular arterial system, which included multiple branches to reconstruct the arterial defect with 1 contiguous graft.
CASE REPORT
A 53-year-old right-hand-dominant carpenter presented with a 2-week history of right-sided intermittent median and ulnar nerve paresthesias and ulnar-sided hand pain. His symptoms worsened acutely with the development of bluish discoloration and exquisite pain to the tip of the fourth digit. History revealed frequent repetitive trauma to the hypothenar eminence when he used the ulnar aspect of his hand "like a hammer" to forcefully turn a large wrench. Medical history included well-controlled type 2 diabetes with no history of smoking, cardioembolic disease, or coagulopathy.
The pulp of the fourth digit was cool to touch with a bluish hue, decreased capillary refill, and pain to Disclosure: The authors have no financial interest to declare in relation to the content of this article.
Hand/Peripheral Nerve Summary: Hypothenar hammer syndrome is a rare entity warranting urgent exploration of the ulnar artery if signs of critical digital ischemia are present. To the authors' knowledge and based on review of the relevant literature, this case report is the first to describe the harvest of the subscapular arterial system for reconstruction of an extensive arterial defect involving the ulnar artery, superficial palmar arch, and associated branches for a case of hypothenar hammer syndrome. The patient presented with an ischemic and exquisitely painful fourth digit. After undergoing the aforementioned reconstruction, all digits were subsequently well perfused with normal capillary refill, color, warmth, and sensation. A strong ulnar pulse was palpated at the volar wrist crease. Patency of the interposition graft was verified by CT angiography (6 weeks postoperatively) and Doppler ultrasound (4 months postoperatively), showing strong radial and ulnar digital pulses of all digits. CT angiography was repeated at 6 months postoperatively and showed graft occlusion. Despite this, no signs of critical ischemia developed, and clinical symptoms were still much improved from initial presentation, with only residual cold intolerance noted 13 months postoperatively. As an arterial graft donor site, the subscapular system is easily accessible, offers generous length, and provides for multiple branches, making it ideal for the reconstruction of large, complex arterial defects in the hand. palpation. Pulse oximetry of the fourth digit was undetectable, and the ulnar arterial pulse was absent. Perfusion to the remaining digits was within normal limits, and the radial pulse was palpable. Despite the history of paresthesias, examination of the median and ulnar nerves was unremarkable. Computed tomographic angiography confirmed occlusion of the right distal ulnar artery, with limited flow through the superficial and deep palmar arches distally.
Acute symptoms of hypoperfusion prompted urgent exploration. Surgery took place through a carpal tunnel incision, extended distally and proximally. Thrombectomy was performed after a large clot was identified extending from the distal ulnar artery into the superficial palmar arch and its branches. Two segments of damaged intima were excised followed by primary anastomosis. Sympathectomy of all involved arteries was performed to further improve blood flow. Reasonable perfusion returned to the fourth digit intraoperatively. However, on postoperative day 1, the digit again became cool, lost detectable pulse oximetry, and developed sluggish capillary refill. The patient returned to the operating room emergently.
During the second surgery, a 2-team approach was used for exploration of the superficial palmar arch and harvest of the subscapular arterial interposition graft simultaneously. Thrombosis of the ulnar artery, superficial palmar arch, third and fourth common digital arteries, and palmar digital artery to the ulnar aspect of the small finger was identified. Thrombosed segments of artery were resected until healthy vessels with undamaged intima remained.
A curvilinear incision was made over the lateral chest to obtain an arterial graft from the subscapular system. The lateral border of the latissimus dorsi muscle was identified and retracted to expose the underlying thoracodorsal vessels. The descending and transverse branches of the thoracodorsal artery were dissected distally until they began to arborize within the latissimus dorsi muscle. Dissection continued proximally up the subscapular axis to identify the branch to the serratus anterior, the circumflex scapular artery, and the origin of the subscapular artery from the axillary artery for maximal length (Fig. 1) .
Following graft harvest, the proximal end of the interposition graft (subscapular artery) was anastomosed to the ulnar artery in an end-to-end fashion. Additional 4 end-toend anastomoses were performed to fully reconstruct the arterial defect (Fig. 2) . Branches of the interposition graft were chosen to reconstruct each segment based on the length of the graft required and the size match between donor and recipient vessels. Figure 3 illustrates the specific branches that were used to reconstruct each portion of the arterial defect. Blood flow through the graft and to the distal targets of the hand returned fully.
Coagulation studies at the time of the initial diagnosis were normal. The patient was treated with ASA 81 mg po daily and a heparin infusion starting at 400 U/h and titrated to target PTT of 55-69.9 U/h for 3 days postoperatively. No anticoagulation medications were continued beyond the first 3 postoperative days. Informed consent was obtained from all individual participants included in the study.
RESULTS
Postoperatively, all digits remained well perfused with normal capillary refill, color, warmth, and sensation (Table 1) . Pain resolved completely. A strong ulnar pulse was palpated at the volar wrist crease. Patency of the interposition graft was confirmed via CT angiography 6 weeks postoperatively ( Fig. 4) and Doppler ultrasound 4 months postoperatively. Routine repeat CT angiography 6 months postoperatively showed graft occlusion. Because the patient remained asymptomatic, the exact timing of graft failure is unknown. Workup for a hypercoagulable state was not repeated at the time of graft failure. As the patient had returned to previous work duties it is possible the repeat thrombosis occurred as a result of ongoing repetitive trauma. CT angiography confirmed no flow through the anastomosis between the ulnar artery and the arterial graft at 6 months postoperatively. However, no signs of critical ischemia developed, and the patient's symptoms remained drastically improved from the preoperative state. At the patient's last postoperative visit, residual cold insensitivity was noted, but he had returned to full work duties and was otherwise asymptomatic. Clinical examination showed a negative Allen's test.
DISCUSSION
Long-term patency rates following venous interposition grafts for HHS are only 70%. 2 Preliminary reports on the use of arterial interposition grafts for HHS have shown more promising results. 10 A case series of 11 patients treated with arterial interposition grafts from the descending branch of the lateral femoral circumflex artery demonstrated patency of all arterial grafts using duplex ultrasound with follow-up ranging from 19 to 63 months. 10 Although this was a small case series, a large randomized control trial comparing arterial and venous grafts for cardiac bypass surgery also demonstrated superior patency rates for arterial grafts at 1 year (91.8% versus 86.4%). 11 Despite occlusion of our patient's interposition graft at 6 months, he achieved resolution of ischemic pain with persistent cold intolerance. This outcome was similar to the case series of 11 patients treated with arterial interposition grafts for HHS in which all patients had resolution of ischemic pain, but 64% had persistent cold intolerance. A large retrospective study of vascular interposition grafts for upper extremity and lower extremity arterial injuries revealed that occlusion of all of the venous interposition grafts occurred within 21 days of surgery, with 40% of the occlusions going on to require amputation. 11 As our arterial graft thrombosed sometime between 4 and 6 months, we suspect that this later-term failure allowed for adequate time for collateral circulation, sustained symptom resolution, and hand salvage.
Use of the subscapular system allowed for the reconstruction of a 15-cm defect involving the ulnar artery, superficial palmar arch, palmar digital artery to the fifth digit, and branches to the third and fourth common digital vessels using only end-to-end anastomoses. The subscapular axis provided a variety of arterial branches of different lengths and calibers well suited to the reconstruction of the complex arterial defect. Graft harvest is simple and can be performed in the supine position without the need for an intraoperative position change.
CONCLUSIONS
This case report describes treatment of a case of HHS with an arterial interposition graft from the subscapular axis. The subscapular arterial system offered an optimal branching pattern, generous graft length, and vessel size match for the reconstruction of the large arterial defect in the hand. The technique described in this paper could be considered for the reconstruction of other hand defects involving the ulnar artery, superficial palmar arch, and common digital vessels.
